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EFFECT  OF  NITRIDING  ON  THE  MECHANICAL 
PROPERTIES  OF  NIOBIUM 


3.  3.  Kipari3ov,  Yu.  V.  Levinskiy, 
and  Yu.  D.  Strogonov 

Niobium  has  a  relatively  high  strength  and  plasticity  and 
excellent  chemical  resistance.  Yet  due  to  the  low  hardness  of 
the  pure  metal ,  items  produced  from  it  have  poor  wear  resistance. 

In  this  connection  processes  for  surface  hardening  of  niobium 
products  and,  in  particular,  a  simple  and  effective  nitriding 
method  in  a  nitrogen  atmosphere  are  subjects  of  great  interest. 

Several  works  [1-6]  have  been  dedicated  to  a  study  of 
nitriding,  yet  in  most  of  these  attention  is  given  primarily  to 
studying  the  kinetics  and  mechanism  of  the  process. 

In  this  work  we  have  studied  the  effect  of  nitriding  on 
the  mechanical  properties  of  niobium:  short-term  tensile  strength 
plasticity,  and  hardness. 

Niobium  of  an  electron-beam  melt,  rolled  without  heating 

r 

into  sheets  0.7,  1.6,  and  2.0  mm  thick  with  a  97,  9^,  and  92X 
uegree  of  deformation,  respectively,  was  used  as  the  raw  material. 
Vrom  these  sheets  specimens  were  cut  for  testing  tensile  strength 
(total  length  50  mm,  width  of  the  end  3  mm). 


PTn-MT-2't-1431-71 


1 


9 


p 

in  Uu  original  cold-worked  state  o  *  60-63  kg/mm 

2  6 

a  *  ^  -  13$,  and  HV  *  210-220  kg/mm  .  Annealing  was  conducted 

_r, 

a  va  :uuin  of  1*10  mm  Hg,  for  one  hour  at  1100,  1200,  and 
i/00j  .p  to  the  reduction  of  a  to  32,  30,  and  21  kg/mm^  ,  an 
Increa  <•  of  5  up  to  23,  22,  and  20$,  and  a  reduction  in  hardness 

*  >  io.0,  109,  and  9**  HV,  respectively. 

annealed  as  well  as  cold-worked  specimens  were  subjected  to 
nitriding.  After  nitriding  at  all  test  regimes , no  difference, 
either  In  structure  or  in  the  properties  of  these  two  specimen 
batches,  was  revealed.  Evidently,  recrystallization  annealing 
occurred  as  the  specimens  were  being  heated  up  to  the  nitriding 
temperature.  This  theory  is  confirmed  by  the  data  on  the 
temperature  of  9^0-1050°  at  the  beginning  of  the  niobium  recrystal¬ 
lization  [7]. 

Nitriding  was  performed  in  an  atmosphere  of  pure  nitrogen 
.ontaif.Ing  less  than  0.005$  oxygen.  The  specimens  were  saturated 
by  nitrogen  at  1100-1500°  with  a  holding  time  of  from  15  min  to 
*"<  h.  For  the  nitriding  the  specimens  were  suspended  on  a 
moiylui  num  wire  in  the  working  area  of  a  vacuum  furnace  with  a 
tungsten  neater.  Prior  to  heating  a  vacuum  of  1'10-^  mm  Hg  was 
created  in  the  furnace.  After  the  interior  of  the  furnace  had 
been  flushed  three  times  with  nitrogen , a  nitrogen  pressure  equal 

i 

•  j  1  atm  was  established,  and  remained  constant  t!  roughout  the 
entire  experiment.  The  temperature  on  the  surface  of  the  specimens 
was  measured  by  means  of  an  optic  pyrometer  with  an  accuracy  up 

to  10-2u°  . 

Over  the  entire  studied  t-mnerature  interval  during  nitriding 
two  processes  took  place  simultaneously,  but  at  different  rates 
and  witn  different  effects  on  specimen  hardness.  These  were  the 
saturation  of  niobium  by  nitrogen,  which  Increased  hardness, 
and  the  growtn  of  brittle  nltrlue  layers,  which  decreased  the 
overall  strength  of  the  specimens. 
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A  weight  viaiVslii  provides  a  qualitative  picture  of  the 
:•  latlve  participation  f  these  proctsses  in  changing  specimen 
t. rength .  The  ultimate  solubility  ol  Urugen  in  niobium  at 
.  aturation  tempei  atuivs  according  to  w  <  [6]  is  equal  to  0.04 
wt.t  According  to  data  on  the  quai  ity  of  absorbed  nitrogen 

...  can  determine  the  time  during  which  tne  process  of  saturation 
of  the  metal  by  the  nitrogen  is  terminated  and  all  the  absorbed 
nitrogen  spent  in  the  growth  of  nitride  layers  (table). 

Time  (hour)  necessary  for  the  forma¬ 
tion  of  v  maximally  saturated  solid 
solution  of  nitrogen  in  niobium. 


1.  *c 

1  —  0,7  MJt 

i  -  2.0  M  M 

1000 

. 

*0  k 
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1  * 
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— 

I2U) 

«.5 

1 

1 
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a  0.1 

0.2J 

or, 

I ne  ni trided  spe  •  ii'iens  were  tested  for  tensile  strength  at 
room  temperature .  With  an  increase  in  nitriding  time  at  1100° 
th*  strength  of  the  specimens  rl.es,  which  is  explained  by  the 
concentration  of  nitrogen  In  the  solid  soluti-or  (Fig.  1).  The 
t hlnner  the  specimen,  the  more  rapid  wll*  ue  its  saturatlcn  and 
tht  greater  the  increase  in  its  strength.  Evidently,  o0  on  the 
order  of  70  kg/nm*”  corresponds  to  the  ultimate  saturation  solid 
solution  of  N  in  !Jb .  The  fi  .ms  of  the  brittle  nitride  phases 
or.  the  surface  of  the  sp*  lr.ens  tt  ilC0°  are  still  very  small  and 
do  not  play  a  significant  role  Is.  the  overall  hardness  of  the 
spec imenu  . 

At  l?h0c  (see  Fig.  In)  nl*rogen  saturation  of  the  solid 
sol  ut  1  n  occurs  more  raj  lily.  .’perlmons  0.7  mm  thick  have  a 
r.axlr.ui  .hard nets  lfter  My  r.  of  nltrldlng,  and  l>.  this  case 

the  formation  ->r  nT  ride  lny-r.  .‘.as  a  significant  influence  on 
strength.  1  :!in  •  the  strengtn  '  a  solid  solution  after  ultima*e 
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nitrogen  saturation  remains  constant,  while  the  nitride  layers 
continue  to  grow,  the  relative  contribution  of  these  layers 
to  the  overall  strength  of  the  specimens  increases  with 
in  increase  in  holding.  Actually,  the  strength  of  specimens 
0.7  rxi  thick  declines  somewhat  with  an  increase  in  nitriding  from 
to  6  h . 


Fig.  1.  Ultimate  strength 
as  a  function  of  nitrlding 
time  of  specimens  at  1100° 
(a) ,  1200°  (b) ,  and  1^00° 
(c).  Specimen  thickness 
0.7  (1)  ,  1.6  (2),  and  2.0 
(  3 )  mm. 


At  1300°  saturation  of  the  solid  solution  by  nitrogen  is 
completed  after  only  15  min.  Then  the  formation  of  nitride 
» ayers  begins  to  affect  the  change  in  strength.  The  greater 
the  relative  thickness  of  these  layers,  i.e.,  the  thinner  the 
ojeclmens,  the  greater  will  be  the  decline  in  strength  with  an 
increase  in  time. 

We  get  a  similar  picture  at  1^00°  (see  Fig.  lc),  where 
strength  after  nitrlding  f  r  6  h  becomes  even  less  than  that  of 
specimens  In  an  annealed  state. 

At  all  nitriding  temperatures  the  sharp  decline  in  plasticity 
is  quite  noticeable.  At  1100°  there  is  a  two-fold  decrease  in 
relative  elongation  during  the  firut  two  hours  of  nitrlding. 

A  further  increase  in  the  nitrlding  time  dees  not  result  in  a 
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uul.' tuntiu.*  d-t  reast*  it.  plasticity.  Evidently,  6  ■  10-14$ 
ci-ri<  ;[><  t;ds  to  the  maximal  saturated  solid  solution  of  N  ir.  Nb . 
it  is  interesting  to  note  that  the  relative  elongation  of  a 
maximally  saturated  solid  solution  of  oxygen  ir.  niobium  has  about 
the  same  value  (10$)  [8], 


Fig.  2.  Relative  elongation  of 
specimens  0.7  nun  thick  as  a  func¬ 
tion  of  nitriding  time  at  1100° 
(1),  1200°  (2),  1300°  (3),  and 
1400°  (4). 


After  nitriding  at  1200  and  1300°  plasticity  declines  more 
abruptly  than  at  1100°.  The  constant  decrease  in  plasticity  and 
its  low  values  after  prolonged  nitriding  at  1^00°  indicate  that 
the  reduction  in  strength  after  prolonged  r.itriding  at  1300° 
is  not  caused  by  the  recrystul lization  processes,  which  occur 
under  these  conditions  along  with  nitrogen  saturation,  but  by  the 
growth  in  brattle  nitride  layers  (Fig.  2).  At  1«00°  after  1  h 
of  nitriding  we  observe  a  virtual  brittle  fracture  of  the 
specimen.  The  surface  hardness  values  for  specimens  of  different 
tnicknesses,  subjected  to  nitriding  under  identical  conditions, 
differ  little.  Thus,  Fig.  3  gives  the  average  values  for 
specimens  of  different  thicknesses. 


Fig.  3-  Time  change  in  surface 
hardness  with  r.itriding  at  1100° 
(1),  1200°  (2),  1300°  (3),  and 
1400°  (4). 
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Ac  nitrlding  temperatures  of  1100-1300°  the  surface  hardness 

p 

>1  specimen::  reia’.ns  for  ail  temperatures  equal  to  250-300  kg/mm  . 
These  values,  according  to  work  [9J,  correspond  to  a  solid 
saturation  solution  of  N  in  Nb.  A  1400  and  1500°  surface  hardnes 
rises  sharply and  In  2  h  of  nitrldxng  at  1500°  reaches  1500  kg/mm 
'uch  high  hardness  values  correspond  to  the  hardness  of  the 
nitride  layers.  In  order  to  measure  hardness  at  a  certain 
distance  from  the  surface  of  the  specimen, a  layer  100  pm  thick  was 
removed.  At  this  depth  hardenss,  in  contrast  to  surface  hardness, 
is  less  dependent  on  a  change  in  temperature  and  nitriding  time, 
and  within  tne  entire  studied  temperature  range  fluctuates  within 
a  200-250  HV  range  (Fig.  4). 


1 


Fig.  4.  Change  in  hardness 
at  a  depth  of  100  um  from  sur¬ 
face  during  nltrldir.g  at 

1100°  (1)  and  1300°  (2). 


Thus,  the  nitrlding  process  can  be  successfully  applied  in 
the  surface  haruening  of  niobium.  The  optimal  regime  in  this 
case  is  nitrlding  at  1100°  for  2-3  h.  After  sucn  processing  a 
230-.V4U  HV  surface  hardness  is  obtained,  and  210-220  at  a  distance 
of  100  urn  rrom  the  surface.  A  temperature  increase  in  nitrlding 
is  desirable  in  connection  with  the  great  plasticity  loss,  and 
for  strength  1  o  ■.  s  at  high  temperatures. 

Nitrlding  can  be  recommen Jed  not  only  to  increase  surface 
hardness,  but  (in  the  cas^  of  snail  items)  to  Increase  overall 
strength.  The  ultimate  tensile  strength  of  nitrided  specimens 
is  on  the  order  of  the  ultimate  strength  of  maximally  cold-wcrke.1 
niobium  -  65-70  /.g/ mm'.  However,  nitrided  specimens  have  a  great 
advantage-  over  cc  id-worked .  While  the  strength  resulting  from 
mechanical  working  declines  sharply  with  an  increase  in  temperature, 
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strength  resulting  f. . . .  nitrogen  saturation  of  niobium 

retains  its  high  values  even  after  annealing  at  elevated  tempera¬ 
tures.  Thus,  annealing  of  maximally  cold-worked  specimens  at 

2 

HOC'1  hr  1  a  :•<  -..Its  in  a  decrease  in  a  from  63  to  32  kg/mm  ; 

_  c  B 

nr.ea.lng  in  a  vn-uum  v. 1  *  1 0  mm  Hg)  at  1?00°  for  1  h  of 
pec i:\ens  wnieh  Hive  unuergone  nitrldir.g  at  1200°  for  1  h  resulted 
in  :  lecrease  in  0  !  ror.  0J-63  to  52  kg/mm1". 
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